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’ INTRODUCTION

This report is presented in partial fulfillment of the requirements of
paragraph 5.1 of Exhibit E of Contract No. NAS 9-1100 and contains the
natural and induced environments to be used for the design of the LEM
and 1ts equipment. The numeidcal values presented in this issue of the
report are preliminary and are intended as a guide to the magnitude of
the values and the operational conditions causing them. Revisions to

this report will be issuéd as firm information becomes available.
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DESIGN CRITERIA AND ENVIRORMENTS

1. General

1.1 Requirements - The LEM and its subsystems shall be designed
to meet the gemeral criteria and envirommental conditions herein as well as
the particular mission requirements as set forth in the detail specifications.

Design procedures shall be conducted in accordance with recognized ratiomal
principles within the following framework.

1.1.1 Des - The purpose of the entire design and test effort is to
produce reliable equipment for the lunar landing mission. This purpose is
accamplished by analysis and test of the failure modes for each item of
equipment during the design development. The obJjective of this fmilure analysi
is the ability to predict, accurately, not only the type, or mode, of failure
but the stress level at which it occurs. The design and failure analyses must
go hand-in-hand so that the effect of changing design features on the fallure
modes will be part of the design trade-off evaluations and the relisbility
assessment, '

Stress level, as used here, means the intensity of any parameter, such as

pressure, voltage, temperature, ete. which affects the ability of the equip-
ment to perform its design functlion. These parameters consist of both the

. envirommental c¢onditions imposed on the equipment and the self-induced condi-
tions due to operating the equipment for the design mission time., Opermting
time (or mmber of cycles) should also be considered as & criteria variable,
The naturel and induced enviromments given in this report are the maximum -
levels that can be expected to oceurr in any LM mission. Rational combina-
tions of these envirommental and self-induced conditions must be considered in
the design of each item of equipment.

The factor of esafety, that is, the ratio of the allowable stress to the
design stress, must be selected so that the likelihood of failure under the
mximum mission level stresses is acceptably remote, The likelihood of
failure is due, in part to the range of distribution of strength available;
this range being due to material and constructiomal variations from one part
to another. This likelihood, expressed as a probability, leads to the mum-
erical rellability of the item of equimment under consideration.

1.1.2 Teste - The develorment test program supports the design effort by
providing design data , alding in material, camponent and part selectionm,
verifying design concepts and safety factors, substantiating design assump-
tions from breadboard to design freeze, evaluating envirommental effects and
detexrmine failure modes and operating characteristiocs under off-design condi-
tions. These tests should locate such critical features as vibratory reso-
nances, intermittent operation and other non-linea anomslies indicative of
potential weaknsss or malfunction as well as the effects of interaction be-
tveen envirommental sand operational parameters.
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As an integral part of the development test program, stress-to-failure
tests will be employed to obtain failure modes and/or safety margins which
exist in the flight weight design. These tests, in combination with back-
ground data, must provide information which gives us a measure of the unit
to0 unit variability of strength, .

The significance of the stress-to-failure tests will be increased by
stressing the equipment to failure after exposing it to one simulated mission
operating cycle. This simulated mission cycle will include all critical
environments and loads due to acceptance and check out testing plus all
phases of handling and mission operation.

These tests are a logical extension of the design verification portion
of the development tests in that they provide useful informetion early in
the program as well as check on the ability of the equipment to pass qual-
ification tests.

The information from the stress to failure tests as well as other
develdpment tests combined with the design analysis, sheuld result in
such a complete understanding of the equipment echareecteristics that the
accwrate prediction of failure modes can be made. Based on this informet-
ion the requirements for qualirication testing can be firmly established.
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1.1.3 Acceptance Tests - The planning for the ecceptance tests should

begin during the design analysis at the time when 1t first becomes apparent
which are the critical characteristics of the equipment. Thought should be
given.at this early stage, to non-destructive tests, inspections or oper-
ational procedures which will give meaningful information on the presence

or lack of adequate strength or operational capability. These concepts should
be checked during the foregoing testing 1o provide the necessary assurance
that the objectives of the acceptance tests will be attained. This prelim-
inary set of acceptance test requirements must be complete before equipment
qualification since equipment must be "accepted” before it can be "qualified”.

The eventual purpose of the acceptance tests 1s to show that the equip-
ment is representative of and the performance is equlvalent to the equipment
used in qualificatiion tests.

1.1.b Qualification Tests - The qualification tests should be planned to
demonstrate that equipment that can pass the acceptance tests has the design
safety factor and will fail as predicted.

The qualification equipment, therefore, will go through three test phases:

1. The first phase will consist of the acceptance tests derived from
the development effort mentioned above.

2. The second phase will be made up of two parts:

a. The first part will consist of tests to demonstrate the existance
of safety factors, as required by the failure analysis, for all.
critical modes., These tests, of necessity, will be run at stress
levels higher than maximum mission level. No failure will be
permitted at the qualification level.

b. The second part will consist of an endurance test performed with
mission level enviromments using operating time rather than stress
as the critical parameter to affect the equipment function. The

) test duration will be equal to or greater than mission simulation.
life. (A mission simulation 1life is defined as ground operating
time plus mission time).

one or more of the critical mode

a3
1TLCasd mMoGcoc 1

3. The third phase should consist of tests to failure or malfunctlon in
e

above qualification levels.

If, during qualification, a failure should occur which is not at the pre-
dicted mode or level a complete evaluation of the failure and the failure
analysis shall be made. Pending the results of this evaluation the equipment
i1s not considered qualified and the acceptance tests are invalidated.
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1.2 Reliability - The nature of the lunar lapding mission requires that
crew safety achieved through overall reliability rather than through the
use of escape systems., Therefore, attaimment of the maximumm mission relia-
bility and crew safety shall be the most important single consideration in
the design, construction, handling and operation of the LEM.

For the LFM, the probability goal for accamplishing the mission objectives
shaell be 0.984., For the LIN, the probability goal that none of the crewmen
shall have been subjacted to conditioms more severe than the emergency limits
set forth in the crew requirements section shall be 0,.9995.

These reliabllity goals are to be met including the effects of launch
vehicle and spacecraft enviromments as well as ground complex reliability
tut excluding consideration of radiation, meteoroid impact and lsunch vthiole
or Coameand and Service Module operational reliability.

1.3 Advances in Technology - Flexibility shall be incorporated into the
design such that advantage can be taken of advances in technology.

Contraet No. NAS9-1100 m werort  LED.520- 1
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2. Performance
2.1 Margins - Rational margins shall be used for systemas and components

50 thet the greatest oversll design efficiency is achieved within the general
oriteria ststed herein. The apecific margins stated below are derived from
rational covnaideration of past and anticipated operational experience. Thay
are to be used a3 design criteria until experience justifies modification,

Z.1,.1 Multiple Failure Philescphy -~ The decision to design for single or
mlitiple Tallures alall Ce based on the expected frequency of occurrence as

it affects system reliahiliyy, safety and weight and shall require specific

Jjustification In esch inatance.

2.1.2 Fail 3afe Requirements - Syastem or compcnent failures shall not
pronogate sacuentially, 1.4., the design shall "fail safe”. :

2,1.3 Design Margin - All LEM systems shall be designed to positive maw-
gins of saledly. Wo system shall be designed incapable of functioning at
1imit load conditiona,

2.2 C!'iteriA

2.2.1 Repressurization Requirements - The LEM shall be capable of receiw-
. ing 2 compieste cabin repressurizations from the Command Module repressurisat-

ion gsystem.

The LEM repressurization system shall be designed for 6 complete cabin re-
pressurizations, and a sontinuocus leak rate as high as 0.2 lbs, per hour,
Provisions shall ba made for a total of 6 recharges of the partable life
sipport systems,

2.2.2 Vacuum Opération of Cabin Equipment - Equipment which is normally
opersted in the pressurized cabin environment shall be designed to funstion
for a minimum of two days in vacuum without failure. Time period in vacuum
prior to operstion shall te a minimum of 4 days. ‘

2:2.3 Mission Avort - Provisions shall be made for orew initiation of all
mission aberts, Initlation of sbort by ground command or automatic system
shall be provided when thils enhances crew safety. All aborts during lunar
excursion shall provide for return to, rendesvous, and docking with ths
Conmand and Service Modules,
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2.3 Miesion Profile -

2.3.1 Ground Handling and Pre-Flight Operations

2.3.1.1 Packaged - Transportation of test and flight modules will be from
GAEC to point of use. Transportetion is expected to be by truck, however,
alr transport will be considered to reduce shipping time. Ground test
Modules will be ghipped to Huntsville, Alabasma; Houston, Texas; White Sands,
Newv Mexico; and NAA Downey, California. Flight modules for use with Little
Joe II will be shipped to White Sands, New Mexico, while all others will be
delivered directly to AMR. Time for transportation by truck is expected to
be onr the ordex of one week to AMR and two weeks to WEMR,

2.3.1.2 Unpackaged - For flight modules, an acceptance checkout and assem-
bly will be performed at the launch sites as well as hot firing of its prop-
ulsion and reaction control systems. Assembly into the launch Vehicle will
occur on the launch pad for Little Joe II and C-1B flights. Assembly for C-5
flights will occur in the vertical assembly. Prior to prelsunch operations
at AMR the IEM and its subsystems will undergo acceptance tests at Grumman.

' IEM subsystems will undergo vendor acceptance tests prior to being delivered
to Grumman,

2.3.2 launch Vehicle -« First stage thrust time from hold-down release

. to burnout Ts about 135 seconds, maximum g occurs at about 65 seconds, Second
stage burning time is approximately 400 seconds. The Launch Escape System will

be Jettisoned shortly after ignition of second stage. Third stage burning

time will be about 160 seconds to place spacecraft in parking orbit.

The third stage is restartable and after re-ignition will have a burning time

of 320 seconds for translunar injection. Dynamic loads to be encountered

are due to thrust changes, maneuvering, gusts and engine induced vibration.

| Total thrust time 1s (135 + 40O + 160 + 320) = 1015 second or 17 minutes.

2.3.3 Spacecraft - Immedlately after translunar injection, the Command
Module/Service Module is separated from the LEM shroud and the upper shroud

48 jettisoned. The CM/SM is then re-oriented to mate with the LEM at the upper
IEM hatch. During this maneuver the CM/SM is the active member and the LEM
remains attached to the empty S-IVB. After transpositioning, the S~-IVB and
lower shroud is separated from the spacecraft and translunar attitude 1s es-
tablished for the lunar trip. Trajectory correctlons are applied periodically
by the Sexrvice Propulsion System with the first correction occurring about

2 1/2 hours after injection. TFollowing this course correction a complete
checkout of LEM is made with one crew member transferring from the Command
module to IEM. At about 82 hours the SM propulsion system established the
spacecraft in a circular lunar orbit at 80 nesutical miles altitude. The

exev is transferred and after a system check, the IEM 1is separated at about

85 hours after launch. The LEM is the active member during Descent, Landing,
Ascent, Rendezvous and Docking. After crew tran: sr to the Commend Module

the IEM is Jettisonad and left in lunar orbit.

. For summary of LEM mission time, see Table I.
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2.3.i  Lunar Excursion - The Lunar Excursion Module shall have the
capability of performing the separation, lunar descent, landing, ascemt,
rendesvous and dooking independent of the spacecraft, All LEM systems
shall be capabls of performing at their nominal design performance level
for a miassion of two days without resupply. Lunar descent will be by
elliptical orbit ending at a lumar altitude of S0000 ft. after which a
powered descent will end in a hovering maneuver which may require trans-
lations up to 1000 ft. and may last for two minutes. Final touchdown

horisontal velocity shall not exceed 5 ft./sec., and vertical velocity
shall not exceed 10 ft./sec.

T TR
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‘ 3. Degign Criteris )
3.1 General
3.1.1 Design Flexibility - The LEM shall be designed such that eddi-

tional or lesser regquirements in thermal resistance, metaoroid protection
and resdiation protection may be accommodated or taken advantage of without
overall design changes.

3.1.2 Isolation of Modifications - The IEM and its component subsystems
shall be designed such that general modifications to the LEM module or its
gubpystems do not propogate through the other modules of the Apollo space-

craft.
3.8 Structural Requirements For 1EM & LEM Items *
3.2.1 Design Factors

3.2.1.1 Purpose and Definition of Safety Factors - The level of structurael
strength and stiffness is esteblished by the conditions of 3.3, 3.4 and 4.0
in addition to specific loadinge applicable to particular subsystems. Such
loads, called limit lcads, are conservatively selected to represent the max-
imum range of severity expected on the lunar mission. Rational allowance
shall be made and incorporated in these loads for stress concentrations,fatigu
thermal stresses and dynamic response. Factors of safety are multiplied by
‘ these limit lcada to provide precautions against unknown deficiencies in
strength as well as against excessively ssvere loadings, in order to keep
the probability of fajlure within the necessary limits.

Ultimate Factor - At limit load #* times the ultimate factor of
safety there shall be no fallure of structural members. The ultimate factor
shall be not less than 1.5 applied to limit loads. This value may be re-
duced to 1.35 far epecial cases, not involving pressure vesssls, upon
rational analysis and with MSC approvel.

Yield Factor - At limit load #¢ times the yield factor of safety
there shall be nc permanent deformation or total deformation which would
Prevent performance of the mission. The yleld factor, applied to limit
loads i{# nominslly 1.35, but may %e as low as 1.0 for ductile materials and
not involving pressure vessels and need not exceed 1.5.
3.2.1.2 Pressure Vessel Factors - The design of pressurs vessels '
shall be based on two anslytical considerations. When external loads are
applied in combination with pressure, the factors of 3.2.1.1 above, will
apply. When preasure is applied as a singular load, the factors of
3.2.1.2.1 and 3.2.1.2.2 helow, will spply. ‘

#* See 3.4.1.2 for squipment when in ground support of LEM.

** Combined loadings, acceleration, pressure, vit.ations etc, shall be con-
sidered. ’

This document contains information affecting the national cefense of the United States, within
the meaning of the Espionage Laws, Title 18, Sections 793 and 79L, the transmicsion er
revelation of which in any manner to an unauthorized perscn is prohibited by law,
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3.2.1.. .1 Pressure Vessel Proot Factor - All pressure vessels will be sub-
jected to a pressure prool’ test during acceptance testing. After exposure
to proof pressure, the precsure vessel shall be fully capable of performing
the mission. The proof tactor shall be 1.33 times iimit pressure.®* This
tactor may be reduced for special casec upon rational analysis and nepotia-
tion with MSC.

3...1.0.. Pressure Vessel Ultimate Facto: - At limit load times the ulti-
mate factor of safety there chall be no failure o1 the prec:ure vesgel.

The ultimate factor shall be .00 applied to limit loadc«.¥ Thi: factor may
be reduced to 1.5 for special cases upon rational analysis and negotiation
with MSC. (The main propellant and RCS tanks are a special case and will
have an ultimate factor o 1.50 on the worst combluation of accelerstion,
pressure vibrations, shock, etc.)

3.7.1.¢.3 Pressure Vessel Limit Loads - Limit loads shall be obtained with
limit pressures. Limit pressure shall be no lower than the maximm relief
valve pressure for the system. When pressure effects are relieving, pressure

shall not be used.

3.5, Pregssure Stabilited Structures - No primary structures shall
require prescure stabili:ation. ’

¥ For Propulsion and Reaction Control System pressurized components down-
stream of the helium pressure regulators.

Proof press. shall be 2.0 times the maximum expected line pressure
(use relief valve maximum) or the combined surge plus nominal marimum pressure,
whichever is greatest.

Ultimate pressure shall be 2.0 times the maximum expected line

pressure (use relief valve maximum) or 1.5 times the -ombined su:ge plus
nominal maximum precssures, whi hever is preatest.

Contract No. NAS 9-1100% RDE:TC;RT Rg?-iso&g? 1ot
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w PAGE 173

3.2,3 Wbration - The applied vibrational environment for launch and
boogt, translunar, descent and ascent phases of the milssion consists of
random excitation up to 2000 cps. The high aceceleration density levels

at low frequencles are presented for use in the deslgn analysis only since
available dest equipment is Incapable of reproducing the complete spectrum.'
The test requirements (Ref. LED 520-5) include separate sinusoidal vibrations
to account for this low frequency portion of the spectrum as well as to deter-
mine the deslign adequacy in individual vibration modes. Test requirements
shoyld be considered as part of the vibration design. (Table I of LED

52Q-5 contains the 1.3 factor of 3.2.3.1 below).

3.2.3.1 Vibration Factors - The vibrational amplitudes given

in Table IT are eciimmted as the highest levels that will oceur during s
mi'sgion.. .Satlsfactory operation must be attained with these vibration
amplitudes increased by a factor in combination with other appropriate
environmments. The value of this factor for pre-launch packaged and
unpackaged of Teble II, parts (a) and (b), is 1.0 and the value for all
other conditions 1s 1.3 applied on the g and D.A. and (1.3)2 applied to

random vibration (g2/cps).

3.2.3.2 Vibration Amplification - The vibrational amplification factor
in the renge of the Table II applied vibrations, shall not exceed a value
of ten. This amplification factor is defined as the total displacement of
any point on an eguipment divided by the displacement of the input device.

3.2.3.3 Stiffness of Equiphent Mounts - With the exceptlon of individual
parts and components, The baslc chassls and/or mounting structure of e uip-
ment (such as brackets and shelves) shall be free of mechanical resonances
below 60 cps.

3.2.4 Other Enviromnmental Factors of Safety - The limit proof and
ultimate factors of safety shall be 1.0 for the following enviromments:

a. Humidity

b. Rain’

¢c. Salt Spray & Fog

d. ©Sand & Dust

e. Fungus

f. Hezardous Gases

g. Radlation

h Temnerature

iae A LU

() 2 -
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) 3.3 Flight Loads
3.3.1 - Launch Vehicle

3.3.1.1, Temperature

3¢3.1.1.1. C-5 - Ambient sea level alr temperature at AMR during lsunch
time will vary between +15°F. and 1009, The most likely range is between
56°F, and 88°F.

3.3.,1.1.2. Little Joe 11 - Ambient ground level alr temperature at WSMK
during launch time will vary between -150r. and 1100F. The most likely range §j
is approximated as LO®F, to 9OCF.

3.3.1.1.3. Bogated Illeht - The tempera.ture/altitude relationship will be
according to the U.S, standard atmosphere 1962 (Ref. 10).

3.3.1.2, Pressure - The pressure/altitude relationship will be according
to the U.S. standard atmosphere 1962 (Ref. 10).

3.3.1.3. Vibration - Vibration due to launch vehicle operation will be asg |

follows.
Little Joe II: Vibration see Table II (d) |
C-5: Vibration see Table II (e) |
‘ 3.3.1.4. D ic Loading - Acceleration loads due to booster thrust are

as shown in Table IV and Table 1I.

3e3.1.b.1, Staging - Dynamic loads due to thrust changes are covered by
the following: Hold-down release produces * 1.25g superimposed on 1.25 ¢
static thrust. Thrust drop off at 1lst stagze burnout produces - «.6 g,

3+¢3.2 Spacecratt -

3.3.2.1. Temperature < The external surface temperature of the IFM will
vary between approximately + 26()%?. depending on the orientation of the
spacecraft relative to the suy due to space enviromment of -4L60"F. and
solar radiation of 440 BTU/Ft° hr. The temperatuge will be between 0°

to +l60°F. in vacuum cabin a%d equ.i;t&ent bay, +40~ to 100°F. in the pro-
pulsion campertment, and +70° to +80° in the controlled (02) cabin. (Local
epots in the cabin 50° to 90%F.)

3.3.2.2, “ Pressure - The atmospheric pressure in cislunar space will be
on the order of 10° % mm of Hg. The controlled cabin pressure is 5 psia
02 naningl. The uncaontrolled pressure 1s 5 peia to .1 psia 02 nauinal,

3.3.2.3. Vibration - Vibration due to Service Propulsion System will be |
as follows:

Randam Vibration - Reference Table II (e) |

o o 0 NN L o
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3.3.2.4. - Dynamic Loading

3.3.2.4,1. Space Maneuvers - Maneuver accelerations due to Service Propulsion
System & Stabillization and Control systems are as follows:

X Lateral Pitech
N, Ny & Nz o

: 2
-.45 g 1l g .373 Rad./sec.

3.3.2.4,2 Repositioning - The shock loads due to repositioning after
5-IVB burnout are:

w Ny & Nz o*

-.32 g 093 g RiTy) Ra,da/sec.2

-84 g 120 g 17.0 Rad/sec.2
3.3.3 Lunar Excursion

3.3.3.1. Teggeratggg - The external surface temperature of the LIM will
vary between approximately -260° and +2900 depending on the orientation of

the gun. The space enviromment is =460~ I', and solar radiatiop is 4LO BTU/
Ft. hr. The lunar surface temperature will be +2500 to =300~ . depending
on the position of the sun and the location of LIM on the moon. When pres-
surized the temperatuge of theocabin will be between T0° and 80° F. e
tem%erature will be O~ to +160° ¥, in vacuum cabin and equipment bay anc

+40° to +100° F, in the propulsion campartment. (Cabin local spots 50-00" 1.)
(The descent engine cambustion chamber baclface is less than hOOOT.)

3e3.3.2 ressure - he ambient pressurce on Lie lunar suriace will not
exceed 10-7 mm of lig. When pressurized the cebin pressure of the LIM will
be 5.0 psi * ,20 pei, with a relief valve setting of 5.€ psi + .2C psi.
The cabin atmosphere will congist of pure oxygen.

3¢3.3.3, Vibration - Vibration due to descent or ascent engines are
as follows:

Descent - Reference Table II (f)

Ascent - Feference Table II (h)

*¥NOTE: 6 is rotational acceleration about any axis normal to the x axis
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3¢3.3.4. Dynamic Loading

3e3.3.4.1

operation of the main descent engine and the Reactlon Control Cystem.

PAGE 1., |

Descent Maneuvers - Dynamic loade during descent are due to the

Signifi-

cant loads calculated occur at separation, in elliptical orbit, at start of

nover and Just prior to touchdown.

Accelerations are calculated assuming

maxiawn thrust at any time during the 730 second engine duty time. |

Phase Vertical Accel. Lateral Accel. Rad/Sec2 Rad/Se02
earth g's earth g's about about,
X Y and Z Y and Z P4
At Separation + L5 +,0L6 +.20 t.12
Elliptic Orbit + b7 +.046 +.20 +.13
Start of Hover +1,00 *.100 *.42 *.28
End of Hover +1.10 +.112 .47 +.31
Transfer Orbit 0 0 0 0

3.3.3.4.2

Lunar Landing - At touchdown the propuleion and Reaction Control

systems are capable of producing the accelerations given in 3.3.3.4.1 above.
In addition the Reaction Contro% System cambined with the Descent Engine must

bring the LEM attitude within 5

of local vertical and must hold the LEM motion

within the following limits at impact on the lunar surface. (Ref. 1, Pgs 92 &

137.)

Local Vertical Velocity Local Horizontal Velocity

Pitch/Lioll Rate  Yaw .ate

10fps 5fps

.25 Lad/Sec. .25 jad/Se

Critical impact loads during lunar landing, resulting fram the limiting rates
given above, occur for the initial leg impact and for the "rock back" or secon-

dary impact.

Vertical Accel.
Earth g's (X)

Lateral Accel,

Earth g's (Y or 7)

Rad/Sec2
wbout Y or 2

Initial )
Contact 8.0 (1020 ms) 0
Rock Back O,

3e3.3.4.3

+8.0. (10-20 ms)

k.0
14,0

Ascent and Rendezvous - Loads due to ascent eﬁgine thrust and

Reaction Control System are critical at minimum welght just before docking.
The permissible closing velocities for docking do not excegd the following:

Reference 11.

Closing Velocity Side Velocity Angular Velocity
Z XorY Any Axis
.1 tol ft/sec. .5 ft/sec. 1 Degree/Cec.

Docking loads are estimated,

- Rad/Sec® Rad/Sec?
Vert, Accel., g's Lateral Accel. g's about . about,
X 'Y and Z Z Only I and Z X
Maneuver 1.04 +.05k 0 +1.25 +3.23
Docking 0 0 -L.0 ¢ 0

pomraet Ho WU el
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3.b Pransportation, sroune hiandling, ane Dtorage - This criteria
. presents the natural and induced environments assoclated witl: transportation,
ground handling and storage for LM and,/or individual item.

Criteria is presented for grounc equipment during support of
IEM ard/or individual items,and when subjected to induced acceleratiomns,
shocks ard vibrations.

3.4.1 General

3.4.1.1 Definition « ¥or the vurpose of this section, a package is detlined
as follows: The package is the camplete ready-tor-shiipment outer container
loaded with its item, and including insulation and other special internal
supports.

3.4.1.2 Structural Factors of Jatet, For 3r.und Equipment

3.4.1.2.1 Limit Load - Limit loads arc service level loads.

3.4.1.2.2 Ultimate ractor - For ground support equipment and shijpping cone-

tainers the ultimate factor is not tc be less than 3.0 applicd to limit loads.
At limit loads times the ultimate load iactor of safety, therc is to be no
tailure of structural members.

3.4.1.2.3 Yield lactor -~ For ground support equipment and shipping con-
tainers the yield factor is defined in 3.2.1.1 and shall not be less than 2.0.
‘ sobll.2.h Proot Pactor or Pressure Vessels - :Qr ground support equipment
and shipping containcrs the proof factor is defined in 3.2.1.2.1 and shall be
not less than 2.C,

3.4.1.2.5 Proof Factor tor Clings - A11 slings will be subjected to a
proof load acceptance test. After exposure to proof load the sling shall be
capable of performing the required service, The proof factar shall be not less
than 2.0 times limit.

Z.h.1.2.0 Orientation - The X-axis is the normal vertical axis. The Y and

¢ are the lateral axes.

3.Lh.1.2 Other Envirommental Factors - Use the factors of 3.2.L.

Contract No. NAS59-1100 m REPORT LED~520-11
DATE  Lev, 1% Nov. 1963
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‘ UL Package Natural Environments

Lol Pressures - Atmospheric pressure corresponding to sea level to
50,000 ft. altitude.*

U)

I Temperature - -65°F to 160°F, \4//////

(W3]

3.4...3 Humidity - O to 100 percent relative humidity including condensca-
tion.*

P8

Aok Rain - Rain as in Method 506 MIL-STD-810-(USAF) 14 June 1962.%

-~ /',

.4.205 Salt Spray - Salt spray as encountered in a beach area (equiw-
alent to a spray of 5% salt solution in water for 50 hours).*

3.4...6 Sand and Dust - As in desert and ocean/beach areas, equivalent to
140 mesh silica flour with particle velocity up to £000 feet per minute.¥

34007 Fungus - In accordance with 508, MIL-STD-810 (UCAF) 1k Junc 1n

3.4.2.8 Ozone - Exposure with .05 parts/million concentration (1/: To:i:
limit).*

3.4.3 Package Inducec Environments

3.4.3.1 Sustained Acceleration - .67 g vertical (X-axic) with ..0

. lateral (Y, Z axec).

3.h.3.2 Hoisting Acceleration - Two separate conditions:

a) 2.0 g in direction of hoisting

b) 2,67 ¢ Vertical (X-axic) with 1.0 g Iateral (no‘mal to
x axic)

3.&.3.;.1 Hoisting with Lift Rings - The " ,0 g hoisting shall be considerec to
be applied on any one ring or any combination of rings, whichever is critical.

b33 Shock - As in MIL-STD-810 (USAF) 14 June 196. Method 516 - procedure
I See Table II (a). Shock on Engine in special container see (Ref. 1:).

— O

Shock on LEM Vehicle is to be supplied (preliminary 8 ¢ 10-00 ms).

3.4.3.4 Vibration - As in MIL-STD-810 (USAF) 1k June 196i: Method 514-t see
Table II (a).

3.4.3.5 ~ Hezardous Gases - Explosion proofing requirements defined in
MIL-STD-810 (USAF) 1L June 1962, Method 511 to protect against fuel leakage.

3.4.3.6 Electro-megnetl - Interference ~ In accordance with LSP-520-001.

-

‘ * Ambient environments external to package.

Contract No. NAS 9-1100 PATE Rev. 15 Nov 1963
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3.4k Unpackaged Equipment Item Natural Environmentc

3.4.4.1 Pressure - Atmospheric pressure corresponding tc sea level
(Hermetically cealed units installed in the crew ccmpartuent will be subjected
to a limit pressure of <0 psl absolute during: preflight checkout).

3.4.4.0  Temperature - -I0°F to 110°TF awrbient air temperature plug 5t
B.T.U./ft.- hr. solar radiation up to t hourc per da,.

340y Humidity - 15 to 100 percent relative humicity includin; conden-
sat’on

3.4.4.4 Ozone - Same as 3.4, .8
3.4.4.5 Rain - Same as paragraph 3.4.c.4 except no direct impiisement.
3.4 4 Calt Foo - As in MIL-CTD-810 (USAF) 14 June 19¢7 Method 509.

2 b b Sand and Dust - Same as paragraph 2.4.c.6

2.4.5 Unpackaged E.uipment Item Induced Environments

3.4.5.1 sustained Acceleration - ¢ .07 ¢ vertical (X-axic) with 1.0 g lateral
(Y, 2 axes).

‘ 3.4.5.% Holstinge Acceleration - Two separate conditione:

a) .0 g in direction of hoisting.

b) 2.6T ¢ vertical {X-axis) with 1.0 ¢ lateral (normal to X-a.ic)
3.4.5.2.1 Hoisting with Lift Kinrs - The .0 ¢ hoisting shall be concidered

to be applied on any one ring or any combination of rings which ever is
critical.

b3 Shock - Will not exceed MIL-CTD-810 Method 516 procedure I, 15 ¢
peak cut modify shock pulse to a saw tooth 11 + 1 ms rise, 1 + 1l ms decay.
Suitably padded work bench surfaces will be availeble foir the equipment item.
Choek 1or LEM Vehicle will be supplied.

24,504 Vibration - Vibration applied along each of the three mutually
perpendicular axes (X, Y and Z) successively.

Total vibration time will be determined for each item. Vibration
amplitudes and times will be supplied later tor LIEM Structure, & LEM Vehicle.

For Vibration Levels see Table II (b)
3.4.5.5 Hazardous Gases (Exposed Equipment Onl,) - Explosion proofing

requirement defined in MIL-STD-810 (USAF) 1 June 19¢! Method 511 to protect
against fuel leakage.

. 3.4.5.6 Electro-magnetic Interference - In accordance with LSP-530-001.

wl'ﬂli.r REPORT I FD-520-1RB
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4.0 ftencral Environmental Conditions

4.1.0 Rudiation Considerations

h,1.1 Natural Environment - Charged particle radiation shall not
be investigated by subcontractors for effects on LEM equipment desipn.
Power transi-tors having a low alpha cut-off frequency of _ mnegacycles

or less, may be susceptable to radiation damage and may require special
desisin considerations.

hoai.11 Charged Particles - Charged particle fluxes to be used for space-
craft environmental analysis are presented in reference to their sources.

L,1.1.1.1 Solar Phenomena - The hazards associated with an active Sun are
presented as a Model Soler Event and the probability of encounter for two
specific cases are given below Ref. 10.

4,1.1.1.1.1 Model Solar Event - The Model Solar Event to be used in LEM
desi~n is defined, in general, as follows: Ref. 10

N(>E) = 19.08(> 30) exp. (-12.5P)

wvhere

N() E) = number of protons with energy greater than k.

P = the rigidity, or momentum per unit change, BV.(BV = 10° Volt.)

[(& + 0,092 - (,e0)7] ¢

e

4L.1.1.1.1.2 Probability of Encounter - The general equation of the Model .'olar
Event is to be divided into two specific cases., (Ref. 10)

Case I: The event in this case 1s that event obtained by assuni:.-
a 1% probability that a mission will encounter more than N protons above a
specified energy level. This event is defined by:

N(>E) = 4.2 X 1010 exp.(-12.5P)
Case II: The event in this case is that event obtained by assumin:
that if an event is encountered that the probability of that event having more

than N protons at a specified energy level is 1%. Thic cvent is defined by:

N(> &) = 15.0 X 1010 exp.(-12.5P)

4.1.1.1.2 Van Allen Radiation Belt:z - A description of the Van Allen radia-

tion belts is presented in Fig. 19 {bxhibit B).

4.1.1.1.2.1 Inner Belt - The lnner belt is concentrated between the geonasnetic
latitudes of ID degrees north and 40 Jegrees south Due to the differences in
the geomagnetic and geocentric poles and inhomogencities in the earth's mag-
netic field, the bottom edge 2f the inner zone varies with lon; itude 200 miles
in altitude over the east coast of Suuth America (300° east longitude) to 800
miles in altitude :ver the East Indies (110° east longitude) and peaks in inten-
sity at an altitude of 1 x 10" km from the earth's magnetic axis.

report LED-520-1B
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L.1.,1.1.2.2 Outer Belt - The outer belt 1s concentrated between the geomagnetic
latitudes of B0° North and 60° South. It starts at the bottom of the inner
belt, peaks in intensity at an altitude of 2.2 x 10h km from the earth's mag-

netic axis, and decreases to a minimum at an altitude of approximately L5 x
10" km,.

h,1.1.1.3 Space Background - The corpuscular radiation shall be considered as
shown in Figure 26 of Exhibit B which represents the cosmic ray flux.

Contract o. maso-1oo il S TR
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b.l.1.2 Electromagnetic Radiation - Electromagnetic radiation to be used
for Spacecraft envirommental anelysis 1s presented in reference to its source.

4h.1.1.2.1 Solar Radiation - The electromagnetic radiation from the Sun
covering the spectrum from 60 angstroms to 1300 angstroms is given in Figure 21,
from 1300 angstroms to 2000 angstroms 1is given in Figure 22, and from .2 microns
is given in Figure 23 of Exhibit B.

h.1.1.2.2 BEarth Radiation and Reflection - The Earth's albedo shell be con-
sidered as 35 percent. The remaining 65 percent shall be considered to be
absorbed and some re-emitted as thermal radistion. The spectrum for the Earth's
albedo at local noon 1is given in Figure 24 of Exhibit B. The radiation at the
center of the dark side shall be considered to originate from a 251° K black
body.

4,1.1.2.3 Background Radistion - TBe background radiation from celestial
sources shall be considered to be 10~"*ergs/(cm® x see) in the interval 1230
to 1350 angstroms.

4.1.1.3 Protection Criteria

b.1.1.3.1 Radiation Exposure Limit - The nominal blological dose limit
shall be the average yearly exposure tabulated in Figure 5 of Exhibit B. The
emergency dose limits shall be the meximum permissible, single acute emergency
dose as tabulated in Figure 5. The biological dose of paragraph 4.1.1.1.1.2
shall be calculated and compared with the dose limit given. If the dose
exceeds the emergency limit, MSC must be notifled.

h.1.1.3.2 Models of the Radiation Standard Man - Dosage calculations shall
be based on the model presentation in Figure 6 of Exhibit B.

4,1.1.3.3 Materials - The effects of exposure to the Solar Event of
paragreph 4.1.1.1.1.2 shall be evaluated and materials selected wherever
possible which are unaffected. Where materials®must be used which deteriorate
or malfunction due to radiatlion exposure, an evaluation must accompany the
request to MSC for approval of the materisl.

L.1l.1.4 Natural Radiation Mission Enviromment - The charged particle
fluxes in the Van Allen radiation belts plus all of the sources of electro-
magnetic radiation enumerated in Section 4.1.1.2, shall be considered for
EBarth orbital missions. The complete natural radlation environment enumerated

$am Ommd 11 S EYY. ] 4+ k
in Section 4.1.1, excluding the Van Allen radiation belts, shall be considered

ad -t WS
for luner missions.
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h.1.2 Induced Radiation Considerations

h.1.2.1 Radio Frequency - The following radio frequency energy will be
present due to the operation of spacecraft equipment. The output power is
effective at the antennae.

ITEM FREQUENCY \ POWER
DSIF 2100-2300 mc/sec 20 Watts
Voice Communication 250-300 me/sec 10 Watts
Tracking Radar X - Band 500 Milliwatt
Radar Altimeter X - Band 60 Milliwatts
h,1.2.2 Thermal - When the environmental control system is operating, the

cabin atmosphere will be at a temperature of 70O to 80 degrees F. This atmo--
sphere will be 100% oxygen at a pressure of 3.5 to 5.0 psi. The relative
humidity will be between 40% and T0%.

Contract No. NAS9-1100 m ;&'gct
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4.2.0 Meteoroid Considerations
h.2.1 Environment - The hazards involved in encountering meteoroids will

be assessed on sporadic activity only. The flux considerations for sporadic
activity shall be based on the cometary and asteroidal distributions presented
in Tables V-A and V-B. The total hazard is exposure to the combination of
these distributions. This enviromment shall apply for Earth orbital and Lunar
missions. Ref. 10. .

Meteoroid environment shall not be investigated by subcontractors
for effects on LEM equipment design, except for effort during negotiations.
Subcontractors will be advised if effort is required.

4.2.2 Protection Criteria - The design for protection againsi meteoroid
hazards will be based on no meteor penetration of critical exposed areas, and
will utilize the following meteoroid penetration equation:

p/d = 1.5 (2.28) (pm/pt)e (v/c)e

whare p/d is penetration depth/metecroid diameter; pm/pt is meteorotd density/
target material density; V/C is velocity of meteoroid/speed of sound in target
material; e = 2/3.

Tank walls that are stressed due to fluld pressure contained
therein are not to be considered forming a part of the meteoroid shield.

_ report LED-520-1B
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‘ b3 Lunar Surface Model
Lh,3.1 Gravity - The mean accelcration duc to the moon's gravity at

the surface of the moon is 1(2.0 cm/sec® (5.31Y ft/sec”). This is
equivalent to 1/6.05.5 times the standard surface ¢ravity of the carth.

h.3.2 Pressure - The atmospheric pressure of the noon does not
exceed 10-10 ma of He.

L.s.s Thernal - The surface temperature varies between +120°C (250°F)
on the bright side to -185° (-:00°F) on the dark side »f the mo>.. The solar
vadiation is 44O BTU/sq. ft./hr. The theral albedo is 0.124. The thermal
conductivity (k) of the lunar surface layer is on the order or “)-% Cal sen/
emn/°K with a density (p) of .1 to .2 im cn- and a specific heat (c) ﬁf .1 to
.2 Cal/mm°K. The product of kpc is on the order of 10-6 ca12/sec/cm*/ °Ke.

h,2.3.1 Visible Albedo -~ The visible albedo of the lunnr surface has an
average value of 0.97. The local value is as low as 0.06 In some crater floors
and as high as 2.1 on mountain slopes.

Loyl Landing Site Topography - The small scale Lo raphy to be
used for the LEM landing site is shown in Figure J, which is same as Figure
2ha of Exhibit B of the LEM contract. The surface bearin:- strengtihs asswacl
for design are 12 psi, for the dust layer, 200 psi for the rock froth and
400 psi for the semi-continuous rock layer. The data of this paragraph and
. of 4.3.2 is currently under study for verification.

hos.h, Landing Site Engincering Desicn Model - Since the lunar surface
varies considerably the following enginecring design model will be ysed in con-
figuring the landing gear: Ref. 10

Slope - (Referenced to local horizontal) = 5° + 24" (57°)
Where Ryp = Overturning Radius

This is an "effective slope" that is it includes any depressions, pro-
tuberances or soils mechanics effects. Refarence Figure #3.

Protuberance Height = 24" maximum - measured up from the
highest plane fommed by the gear pads.

Bearing Strength - Pads sized to support the LEM on a 12 PSI
surface for the maximum vertical ground reaction.

Coefficient of Friction - Sliding 0.1 to 0.3 and fully con-
strained. Assume ronstant for any given stability plot.

The maximum horizontal veloecdty is 5 feet ner second in any direction and
stability is to be assured under these conditions.
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4.4 Human Tolerance Limits
4.4.1 Carbon Dioxide - The carbon dioxide partial pressure nominal limit

shall be 7.6 mm of Hg. Maximum. The emergency limits shall be as indicated in
Figure 2 of Exhibit B.

4.4.20 Cabin Temperature - The cabin temperature non-stressed limits shal
be 70 F minimum and 80" F maximum.. The stressed and emergency limits are presen-
ted in Figures 3 and 4 raspectively of Exhibit B.

4.4.3 Cabin Relative Humidity - The cabim relative humidity non-stressed
limits shall be 40 percent minimum and 70 percent maximum. The stressed and
emergency limits shall be as indicated in Figures 3 and 4 respectively of
Exhibit B.

4.4.4 Radiation Limits - The radiation limits shall be a specified in
4$.1.1.3.
4.4.5 Noise - The noise non-stressed limit shall be 80 db overall amd

55 db in the 600 cps to 4800 cps range. The stressed limit shall be the maxi-
nun noise level which will permit communications with the ground and between
crew members at all times. The emergency limit is presented in Figure 7 of
Exhibit B.

4.4.6 Vibration - The vibration stressed, non-stressed and emergency
limits are presented in Figure 8 of Exhibit B. .

4.4.7 Sustained Acceleration - The sustained acceleration limits shall
be as presented in Figures 9, 10 and 11 of Exhibit B. The sustained accelera-
tion performance liwite are defined as the maximum sustained acceleratién to
which the crew shall be subjected and still be required to make decisions,
perform hand controller tasks requirimg visual acuity, etc.

b.4.8 Impact Acceleration - The impact acceleration nominal and emer-
gency limits shall be as indicated in Figures 12 and 13 respectively of
exhibit B.

5.0 Summary of Simultaneous Conditions - Table II.
6.0 Weight and Balance - Table III.
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TABLE I LEM MISSION TIMES (L) o M 1) Timne |
Noimal Mission ' 1'8yu's| Crew | Min- | Nominal (MP) Max- |
} _on Lmum | Lmum
1.1 Acceptance and other tests - - [ - - , -
1.2 Countdown all | none|2hoM 360M L8oM
1.3 Holds - - - - -
2. launch and Esrth Ascent i o - 12M b g ‘4
3. Earth Orbit (90 Minutes/Orbit) " " 9oM 180M 2TOM
L, Translunar - . " " L. oM -
5. Initial Coast - to Clear Inner Belt | " " lo2.oM 3O -
6. Transposition " " - 3I0M -
T. Jettison S IV B None ! None - 20M -
8. Translunar Check Out - | One-| - 6oM (1) -
9. Continue Translunar Trip o None | Nonei3528M;  L6OOM 6 56M |
7 2.9 {launch and Translunar) L3 -
10. Insertion into 80 N.M. Lunar Orbit " " - &M
11. Complete 1/2 Orbit at 80 N.M. None | None| = 6M
12. gEM Check Out - Half Orbit at All | ™o | - 6w (1) | -
0 N.M. '
13. Continue in 80 N,M. Orbit " - | em(ty) ]
16-13 {Tunar Orbit) | Q% i
1. Separate 100 feet " " - 1.3M P
15. Orient LEM and Prepare for Descent " " - 8. -
16. Insert into Elliptical Orbit (Sync) " " - D. 0.5M L.
17. Coast One Complete Orbit " " 0 122 .M b
18. Coast to 50,000 ft. Pericynthion " " - . .29 .M [
19. Retro to 20 N. Mi. of lLending Site " " - Da. 3.8M P
20. Final Powered Descent to 1000 ft. " " - D, .2 -
2l. Hover to Touchdown | " | " | - D. 2,0M - . ;. = |
" 1k-21 (Tunar Descent) - 170.5M -
] (2.84u) (1)
22, Lunar Stey * |(o-2m) (22.97H) (1) [{LoH)
23. Powered Ascent to 50,000 Circ. Orbit - oM o
24, Orbit Contingency - Comst in 50,000 " " 0 . M (7.
Orbit .
25. Insert into Intercept Transfer Orbit | " " - A.084
26. Coast in Transfer Orbit " " 34M 5]
27. Midcourse Correction (use R.C.S.) " " - 5M -
28. Rendezvous from 30 N.M. to 500 ft. " " - 24M -
29. Dock from 500 ft. to Contact " " - 15M -
30. Transfer Crew . Al11 | None - 20M )__J -
bl L AR - - oM (1
33 D) ¢
5-30 ’ , (I By ‘
D. Descent Engine Operating Time (Not including 135 secolds 8.5M
l - prelaunch check)(Dnty cycle time in Eugine Spec.séc'gn
A. Aséent Engine rating Time (Not including 0 seconds 6.07M
‘| . prelaunch check) (Duty cycle time in Engine Speg.-hhg ' ‘
(L) 1= Hfetime - See 2.3. 2 (ref. 9) Sum af (L)y= ot 3 o 48m -
| Total' Efrom earth la.un‘hg (ref. 9) 150.3H = : 112.6H . 4+ 15.?{“

from earth launch
(M.P.) Mission Phase

M minutes

H hours

i : REPONT IED-SQO" B
Contract No. NAS 9-1100 W oARV. 15Nov. 1963
GRUMMAN AIRCRAFT ENGINEERING CORPORATION

nominal & max. in 1ays = 5.5Days
ref- 9) T -

ENG-T7)




TABLE IT
MISSION LEVELS
ENVIRONMENTAL AND LOAD CONDITIONS

Notes: 1. PFactors of safecty are not included in the levels specified
herein and shall be applied to these values and self-
generated structural loads of each subsystem. The levels given
are the maximun expected.

a. LEM/or individual items ref. 3.2
b. Ground equipment ref. 3.4

2. All accelerations are "earth g's". Multiply by earth
weight or use 32.2 ft/sec as appropriate.(sign conv. - page 23)

5. Vibrational spectra shown gilves straight lines on a
log-log plot.

4. Packaged and unpackaged - Pre-launch transportation handling.)
and storage type of package.

5. Cabin - this includes the crew compartment and the equipment
tunnel that will be pressurized.

Equipment bay - Equipment bay in either the Ascent stage o;)
Descent stage external to the cabin.

T. Radiation - applied to external and internal items.
Ref. para. 4.0 and 4.1. .

8. Mcteoroids - applies to external items only. Ref. para. 4.2
and 4.2.1,

9. External surface of the LEM - this is the heat shiel%:>
10. Plume induced environments.

a. RCS - will be specified

b. Engines - will be specified

SRR e 15 Nor. 15
Contract NAS 9-1100 Rev. Dpare 15 Nov. 1963

GRUMMAN AIRCRAFT ENGINEBERING CORPORATION

ERG 1478
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m PAGE 32

TABLE 1T

MISSION LEVELS

ENVIRONMENTAL AND LOAD CONDITIONS

(a) Pre-Launch - Packagedf

Acceleration: (ns)

(v)
(ns)

Shock: (ns)

Vibration: (ns)

* Pressure

Temperature

Transportation, handling and storage
in shipping conteiner shall not
produce critical design loads on the
LEM and shall not increase weight of
the LIEM,

2.7 g vertical with 1.0 lateral,
applied to the package.

1.0 ¢ verti al

2.0 g in direction of hoisting (when
rings are used, consider applied to
any one or any combination of rings).

Shock as in MIL-STD-810 (USAF)
14 June 1967 Method 516 Procecure III,
(Except; LM Vehicle, which i to be
supplied).*

The following vibration levels are
specified during transportation,
handling and storage. Vibration to
be applied, along three mutually
perpendicular axes, x, y, and Z to
the packsage.

(Time: 1/C Octave per minute, three
tines per axis 1rom 5 cps to mar cps
and back to 5 cps).

For 100 1b. or less Fo: 200 1lb. or more

cps

5-T.2

T.emib +1.3 g

26=5.

g or D.A. P

c oor DJAL
-5 in D.Ao 5"

. .5 in L.A,
T =26 +1.3 -
.036 D.A, L€=5. .03¢ DL.A.

=0

52-500 5.0 g _—

(£)

(1)

(£f) for 100 to 300 lbs - use figure 51L-8
Method 514 MIL-STD 810 (USAF) 1k June

1962 for maximum frequency.

Atmospheric pressure corresponding
to sea level to 50,000 feet.
-650F to +1600F.

() For packaged in special container (reuseable) see LSP-h?O—bﬁl - applies to
Engines, Fuel Cell, and components of RCS, and ECS.

~CONEENS A AT Revs 12 Nov
Contract No. NAS 9-1100

DATE Rev. 15 Nov 1963

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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TABLE II

MISSION LEVELS

ENVIRONMENTAL AND LOAL CONDITIONS

(a) Pre-launch - Packaged (Continued)

*  Humidity: (nc) 0 to 100 percent relative humidity I
including condensation.

# Rain: (nc) Rain as defined in Method 50¢ MIL-STD §!
810 (USAF) 14 June 1962.

* Salt Spray: (nc) Salt Spray as encountered in a beach [
aree (equivalent to spray of 5% salt
solution in water for 50 hours).

# Send and Dust (nc) As 1in desert and/beach areas, equiv- {
alent to 140 mesh screen silica flouyr
up to 500 ft/min (up to 2000 at WSMR) I
at T0° +200F as in Method 510 MIL-STD
810.

Fungus: In accordance with Method 508, MIL-
STD-810 (USAF) 14 June 196¢.

*  Qzone (nc) Exposure with 0.05 parts/million con- R
centration (1/¢ toxic limit).

* Hazardous Gases Explosion exposure as defined in
Method 511, MIL-STD-810 (USAF)
14 June 1962.

# FElectromagnetic
Interference: In accordance with LSP~530-001.

(v) Combine +1.0 g with the vibration
accelerations.

(ns) Not simultaneous loading conditions
at these levels. '

(nc) Not simultaneous environment condit-
ions at these levels.

Ambient environment on outside of
package.

tract No. NAS 9- m RePORT LED-520-1B
Contrac 971100 ' DATE Rev. 15 Nov 1963

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




TABEL II

MISSION LEVELS

ENVIRONMENTAL AND LOAD CONDITIONS

(v) Pre-ILaunch - Unpackaged

Accelerations (v) 1.0 g vertical l
(ns) ©.67 g Verti-al with 1.0 g Lateral
(ns) .0 g 1in direction of hoisting |
Shock (ns) Shock as in MIL-STD-810 (USAF)

14 June 19€: Method 516, Procedure I
Modified. Modify shockpulse to
sawtooth 15 g peak 10-12 rise, Qw-ms
decay. (Except LEM vehicle which is
to be supplied.

Vibration (ns) Same as pre-launch packaged but
applied to item.

‘ Pressure Ambient ground level pressure.
(Hermetically sealed units installed
in the crew compartment will be
subjected to a limit pressure of

20 psil absolute during preflicht
checkout).

Tenperature -20°F to 110°F Ambient Air
Temperature plus 360 BTU/FT<HR
up to 6 hr/day.

: REPORT -520-1B 3
ContTact NAS 9-1100 SO Revoar 15 Nov. 1963

GRUMMAN AIRCRAFYT ENGINEERING CORPORATION

ENG 147D




TABLE II

MISSION LEVELS

Humidity

Rain

Selt Fog

Sand and Dust
Fungus

Ozone
ﬁazardous gases

Electramagnetic
Inteference

ENG-73

(ne)

(ne)
(ne)
(ne)

(nc)

m Revoare 15 ‘Bov.1963

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

ENVIRONMENTAL AND IQAD CONDITIGNS

(v) Pre-launch Unpackaged (Cont'a)

15% to 100% relative humidity including '
condensation.

Same as packaged but no direct impingement |
As in MIL-STD-810 (USAF) Method 509. |
Seme as Pre-ILaunch Packaged ‘ !
Same as Pre-launch Packaged

Same as Pre-Iaunch Packaged |

dame ap Pre-Ilsunch Packaged

Same as Pre-launch Packaged

See page 33

" n n

REPORT LED-520-1B
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TARIE. II
" ENVIRONMENTAL CONDITIONS

(¢) Prelsuneh . Unpackaged - BRuipment Opsrsting
' Acoeleration: Not applicablse.

Random Vibration Rendom vidbration shall be .. segonds
for each of the three mutually perpen.
dicular axes; x, y and 3.

Input to equipment supports from
primary structure.

10-28  cps 18 g2/ops Constent

28.37 cops 12 d:éwhvo deerease to
37-1000 cpe 050 ops constant _
1000.1200 ¢ps 12 dd/ootave desresse to.

1200.2000 cps .031 g%/eps constant
Sinusoidal Vidbration: Not applioceble
Aeousties: (to be supplied)

Preasiure: 5.8 psig in csbin etmospheric pressure
correspond to sse level to 150,000 feet
during engins firing.

Thermal Vaouun (To be supplied) Z

SOOI vl
—_— Contract No. NAS 9-1100 DATt Rev. 15 Nov. 1_963

. ORUMMAN AIRCRAFYT ENGCINEERING CORPORATION
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TABLE II
ENVIRONMENTAL CONDITIONS

(¢) Prelaunch - Unpecksged - Equipment Operating (Con'd)

Temperature ! B8ame as pre-launch unpeckagsd
Hamidity: Same as pre-launch unpackaged
Rain: (to be supplied)

Salt Spray: Not applicable

Band and Dust Not applicable

Fungus: Not applicable

Ozone: Rot applicsble

Hazardous Gas: (to be supplied)

Hagardous Liquid: (to be supplied)

Electromagnotic Interference: Game as pre-lsunch packaged.

Reaction Control Thrusters, ascent, and descent engine firing:
(to be supplied)

Exhaust Temperature .. . " _. _
MU /£t2/second e
Bxhsust gas composition L.
Bxhaust Mock No . . R TR
Exhsuat pressure A TS

Jmvmmpr—— - LED-520.1B
rhrect Tou S SLO00 SN i e 156

GRUMMAN AlRCRArY ENGINEERING CORPORATION

me.7
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TABIE II
MISSION LEVELS
ENVIRONMENTAL AND LOAD CONDITIONS
(d) Launch and Boost C-5 und Little Joe II
Acce%esation: X Y J Z
c.5 (2 g Ted/Secc | & Tod/Sect | § Raa/5ecd
Boost Cond. S-1C .7 | - +.5 - +,5 -
Max. q Cond. S-1C +#2.1 ] - .5 - *.5 -
Cut Off Cond. 8-1C __  f2.6 |- =1l . | 3} o
Eng. Hardover S-11 2.3 | - [+.530 - - -
Eng. Hardover S-11 +2.3 | - - i - +,63) -
Earth Orbit 0 0 o t o 0 | 0 _
Little Joe IT (3) 5
Boost Cond. +5.5 | - t.08) - .08 -
Max. q Cond. +1.3 | - .78, - +.78, -
Cut Off lo” "o 1o 1o i
Vibration::
The mission enviromment consists of the following random.spectrum,
(') & (b) applied for 17 minutes along each of the three mutually
perpendicular axes, X, Y and Z.
() Input to e.uipment supports from exterior primary structure.
5-13 cps .18 g¢/cps Constant
13-15 cps 12 db/octave rise to.
15-32 c¢ps .30 gg/cps Constant
32.45 cps 12 db/Octave decrease to
45.850 eps .068 g2/cps Constant
850-1200 cps 12 db/Octave Decrease to
1200-2000 cps .015 gg/cps Constant
(v) Input to equipment supports from interior primary structure.
5-25 eps .18 gg/cps Constant
25-34 cps 12 db/Octave decrease to
34-2000 cps 043 g2/cps Constant
(2) Para. 2.3.2 S IV B Ignition prior to Barth Orbit

& reignition for translunar Boost.

(3) Little Joe II - T engines staged
L4 then 3 arrsngement.

9-1100 i DATE Rev. 15 Nov 1963

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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PAGE 39 i
. TABLE II
MISSION LEVELS
ENVIROIMEWTAL AND LOAD CODITIONS
(d) Launch and Boost (Cont'd)
Acoustics: Octave Band C5 L.J. IX
Sound Pressure (cps) level (db) Ievel (adb)
levels External
to IEM (re. .0002 89 to 18.8 122 -
dynes/cm? 18.8 to 37.5 141 -
) 75 to 150 138 143
150 to 300 134 155
300 to 600 130 155
600 to 1200 123 155 .
1200 to 2400 116 155
200 to 4800 110 143
4800 to 9600 104 1;1
Overall 147 160.
Pregsure: Atmospherlc 2t sea level 10-10 yp hg (Nn c5) Air, LJII |
(fixcept in esbin which is -
Atmospheric st sea level to 5.8 psia (Op, C5) Alr, LTI Q|
‘ Temperature : 0 to +160°F Uncontrolled cabin 1
0 to +160°F Ecuipment Bay
40 to 100°F propulsion bay
~15°F to +110°F ambient sea level
-65 to 165°F IEM's external surface
-15 to +175 Around Fuel Cell
Humidity: - None on C-5;

Hazardous Gases:

Electromagnetic
Interference:

Radiation:

Meteoroids:

Checkout

NS 1470

0-100% on LJII

Same as prelaunch packaged.

Same as prelaunch packaged.

See Paragraph 4.1,

Flux as specified in Table V
(for external items). Ref. L.2.3

See Prelsunch unpackaged operating.

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

repORT LED-5. O-1B
OATE Rev. 15 Nov 1963
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(e) ILsunch and Boost C-5

TABLE II

MISSION LEVELS

ENVIRONMENTAL AND LOAD CONDITIONS

Acceleration (2)

Boost Condition (S-1C)
Max. g Condition (S-1C)
Cut_Off Condition (S-1C)
Engine Hardover (S-llg
Engine Hardover (S-11

Earth Orbit

Vibration:

(#) Input to e uipment supports from exterior primary structure.

5-13
13-15
15-32
32-k9
49.900

The mission enviromment consists of the followins: r oo
spectrun, (=) or (b) npplied for 17 minutes along each of the three
mutually perpendicular axes, X, Y and Z.

eps
cps
cps
cps
cps

900-1200 cps
1200-2000 cps

(b) Input to euuipment supports from interior primary structure.

5-27 cps
27-40 eps
40-2000cps

X Y 2

e Rad/oece 3 Rad/Secc ] » [Raa/3cce
H.7 - £.1 - .1 -
+2.1 - +.5 - t.5] .
-2.6 - 1) - . L*2) -
+2.3] - +.67 - 1 -
+2.3 - - - +.03) -

0 0 0 0 0 !

.18 g2/cps Constant

12 db/Octave rise to

.30 g2/cps Constant

12 db/Octave Decrease to
LObk 3=/cps Constont !
12 db/Octave decrease to
015 gg/cps Constnnt

.18 g~/cps Constant
12 db/Octave decrease to

.036 22/cps Constant

(2) Para. 2.562

8 IV B Irnition prior to Earth Orbit
& relignition for translunar Boost.

rReporT LED-500-1B
Contract No. NAS 9-1100 . DATE Rev. 15 Nov 19632

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




>5Gbinbiirhhid ot 1

o | TABLE II
MISSION LBVELS

ENVIRONMENTAL AND LOAD CONDITIONS

(4) Launch and Boost €-5 (Continued)

Acoustics: Octave Band C5 at mex. q
(sound pressure levels (cps) Level (db)
in 4. b. external to
LEM) 5
(re .0002 dymes/cm”) 9 to 18.8 140
18.8 to 37.5 141
37.5 to 75 AR
75  to 150 138
150 to 300 134
300 to 600 130
600  to 1200 123
1200 to 2400 116
2k00  to 4800 110
4800  to 9600 104
overall 147

’ Pressure:

Atmospheric pressure at sea level to
1 x 10-10 mm He (Np).

except in cabin which 1s pure oxygen
Atmospheric at sea level to 5.8 psia.

Temperature: Oto 160°F uncontrolled cabin
0t0 160°F equipment bay -

40° to 100°F propulsion corportment

+15 td 100%‘ ambient ser level - "MR
=65 to 165°F LEM external surface ‘

Humidity: "none"

Hazardous geses: Same as pre-launch packaged
Electromagnetic

Interface: Same as pre-launch packaged

Rediation: See Parasgraph k4.1,

Meteoroids: Flux as specified in T ble V, (for exter-

nel items). (ref. 4.2.3)

. Checkout: See prelaunch unpackaged operating

ot o 0 911 S
DATE Rev. 15 Nov 1963

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

NG 1470
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| . TABLE II

MISSION LEVALS

ENVIRONMENTAL AND LOAD CONDITZONS

() Space Flight - Translunar X T Z
E p [o /P4 . T N [$
Acceleration: i Rec/oect ¢ IE‘V vec - Red/Tec
SM prop. system operating -.h5 - ETR b BN -1l TG
| SM prop. sys. not operating 0 0 G @)
Shock:
condition transpnsition | -.3k - t o35 11 .0 .09 _1'1'..0
B Vibretion: The mission enviromment consistsof the follow=-

SM prop. system operating ing randam spectrum applied for 6 minutes
slong each of the three mutunlly pervendicul:r |
axes, X, Y and Z. :

Input to equipment support® from primory

structure. ‘
i
‘ 5 -« U7 cps. .089 gg/ cps constant
W7 - 65 cps. 12db/ogtuve decrease to
65 - 1000 cps. .024k g /cps constant
1000 = 2000 cps. 12 db/octeve decrease

Plume effects: Due to Engines and/or RCS to be supplied.

Contract No. NAS 9-1100 m REPORT LEDw520-1B
aNe 1879 PATE Rev. 15 Nav 1963

GRUMMAN AIRCRAFT ENGINEERING CORPORATION
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TABLE II

MISSION LEVELS

ENVIRORMENTAL AND LOAD CONDITIONS

(£) Bpece Flight Translunar (Con'd)

Pressure:

Temparature: ¥**

Humidity:

Ozone:
Haezardous Gas:

Electromagnetic
Interface:

Rediation:

Meteoraoids:

axtearnal {teme.

Contract NAS 9-1100

ine.73

OQRUMMAN AIRCRAPFT ENGINEERING COR

1 x 10-14 mn Hg uncontrolled vecuum
5.8 psia controlled cabin ( .
5.8 to .1 psia uncontrollsd cabin (O2)

0 to +160°F Uncantrolled cabin
0 to +160°F equipment bays
70 to B0°F controlled cabin

40 to 100°F propulsion beys .
~15° to+195°F Around Fuel Cell i
+260° to -260°F external surface [

For External Items: !
Solsr radiation = 440 BTU/f42nr.
Iunar surface: +250°F to -300°F
(depending on Suns position) \
Space = -L60°F,

40 to 70% in controlled cabin
0 to 100% uncontrolled eabin |

To be determined

Seme as pre-launch packaged

Same as pre-launch packaged

Van Allen, Solar Flare and Space background.
To be defined as noeded (inner belt 10

minutes 1/2 hr. delay - outer belt 20)
(See paragraph 4.1).

Use distrtbution for sporadic meteoroids, in
accordance with Table V. {for external {tems)
paragraph 4.2.1 _

** Rquipment Temperature due to combined exposure shall be determined for

atrort  [ED.520.18B
—GONMBINITAT™ TR 1063

ORATION
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TABLE IT

MISSION LEVELS

ENVIROMMENTAL AND LOAD CONDITIONS

Plume effects:

Pregsure:

Temperature **, #*

(g) Lunar Descent - Including separation, descent, hover and touchdown

Accelerations: X Y ——t Z
vad . 4 24
g |rad/sec rad/sec g |rad/sec
Descent engine operating [ +1.1] .31 T.10 £.47 *.11] %57 !
Transfer Orbit Q 0 0 0 0 0
Llanding(to be supplied)
Shock «
Ianding
10-20 ms rise time -~ ramp step shock (preliminary)
Case 1 8.0
Case 2 8.0 +14.0
Case 3 +14.0 6.0
Vibration: The miseion envirconment consists of the
Descent Engine following random spectrum applied for ll%
Operating minutes along each of the mutually per-

pendicular axes, x, y and z.

Input to equipment supports from primary
structure,.

10 - 28 cps .18 g2 cps constant

28 - 37 cps 12 db/octave decrease to

37 - 1000 cps .059 gg/cps constant
1000 - 1200 cps l2db/octave decrease to

1200 - 2000 eps .03l gz/cps constant
Due to Engine and/or RCS to be supplied. ig

£1 x 10710 mm Hy uncontrolled vacuum
4.£ to 5.8 psie controlled eabin.

0 to +160°F equipment bays
+40 to +100°F propulsion bays

50° tc90°F cabin - local spots {
+70 to +80°F cabin - average
-15 to +175°F Around Fuel Cell
+260 to =-260°F external surface

gNe 1478

—TOREON—

repoRT LED=520-1B
DATE Rev. 15 Nov. 1963

GRIIMMAN AIRCDRDAFET FNORINEEDINMA FNADDADBATIAM
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TABLE II

() MISSION LEVELS

ENVIRONMENTAL AND IOAD CONDITIONS

(¢) Lunar Descent (continued)

Temperature (continued) For external items:

e, * Solar radiation = LLO BTU/FTQ/hr°
Luner surface +250 to =-300°F depending
sune position -

Space = =U4£O°F

Humidity: Controlled cabin (0.), 40 tc 70% r.h.
Locally in cabin (03), O to 100% r.h. |

Ozone: To be determined.

Hazardous Gas: Same as pre-lasunch packaged.

Electromagnetic

Interference: Same as pre-launch packaged.

Meteoroids: Use distribution for sporadic meteoroids as
specified in Teble V (for external items)
(paragraph 4.2.3)

Sand and Dust: This is to be specified by Grumuan

‘ Radiation: See Paragraph L.1.

¥*  Equipment temperature due to combined exposure shall be determined for
external items.

"% The backface “emperature of the Descent Engine Cambustion Chamber is
£400°F. fhe heat shield orevents the internal cavity LEM structure from
seeing this. .

reporT LED-520-1B
"m OATE Rev, 15 Nov. 1963

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

NG 1479




TABLE TI

MISSION LEVELS

ENVIRONMENTAL AND LOAD CONDITIONS

(g) Lunar Stay

Accelerations: X
cond. - at rest 1/6 ¢
Shock: ‘ Not eritical

NOTES: Ascent and descent engines not operating. Vibration due to other
sources to be supplied.

Contract No. NAS 9-1100 m rePORT  LED-520-1B
Rev PATt 15 Nov.19%3

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

ne.73




m PAGE by l

TABLE II

MISSION LEVELS

ENVIRONMENTAL AND LOAD CONDITIONS

(n) Lunar Stay (continued)

Pressure:

Temperaturei

Humidity:

Ozone:
Hazardous Gas:

Radiation:

Electromagnetic
Interference:

Meteoroids:

Sand and Dust:

*
£1 x 10" He. uncontrolled vecuum
5.8 psia (02) controlled cabin

1 x 10°%m He. cabin (hatch open).
0 to +160°F Ecuipment Bays

4O to +100°F Propulsion Bays - ]
50 to 90°F Cabin Local Spots -

“TO to 80°F Cabin Average .

70 to 80°F Cabin (Hatch open) (Prelimin:rv)

-15 to +175°F Around Fuel Cell

+260 to -260°F . External Surface |
For external items:

Solar Radiation = L4O BTU/Ft/nr

Iunar Surface +250 to -300°F Depending

on suns position

Space = -LGO°F

Controlled Cabin (0n) 40 - TO% pel. hum. Avs.
locally in cabin (0Op) O = 100% Rel. Humidity i

To be determined.
Same as pre-launch packaged.

Solar flare and space background to be
defined as needed.
See paragraph 4.1.1

Same as packaged pre-launch

dic meteorol

Use distribution for spors e olds
V (for external items).

as specified in Table
(Ref. 4.2.1.)

This 1s to be specified by Grumman.

report LED-520-1B
Contract No. NAS 9-1100 m Rev. oare 15 Nov. 1963

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

KNS 1470
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TABLE 11
MISSION LEVELS

ENVIRONMMENTAL AND LOAD CONDITIONS

(i) Iunar Ascent - Including ascent rendezvous and docking

Acceleration: I S x|z
T raifsec? 1y rad/sec? g Irad/scec
engine operating +1.0 +2.0 +,05 (.88 .00 [£,4R
docking condition 0 0] : 0 9 b
trensfer orbit 19 | o 1 9% 49 | 2 4 9
Shock: To Il§e Supplied bLy| Grumnan
Vibration: The mission environment consists of the
engine operating following random spectrun applied for 3.
minutes along each of the three mutually
perpendicular axes, x, y and z.
Input to equipment supports from primary
structure.
10-28 cps .18 g2/cps constent
28-37 cps 12db/octave decrease to
37~1200 cps .059 g2/cps constant
1000-1200 cps  12db/octave decrease to
1200-2000 cps 031 gh/cps constant
Plume Effects: Due to Engines and RCS to be supplied.

. N REPORT LED-520-1B
Contract NAS 9-1100 Rev. pate

GRUMMAN AIRCRAtT ENGINEERING CORPORATION

15 Nov. 1963
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TABLE II
ISSION LEVELS
ENVIRONMENTAL AND LOAD CONDITIONS

C

Contract No. NAS 9-1100

The baciface temperature of the Ascent Engine Combustion Chamber is to
be supplied.

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

rerort  LED-520-1B
Revoatre 15 Nov. 1963

(i) Lunar Ascent -
Pressure: 1 x O'lo mm He uncontrolled vecuum
4.8 to 5.8 psia controlled cabin.
Temperature ¥*, # 0 to +160°F equipment bays
+40 to +100°F propulsion bays
50° to 90°F cabin - local spots
+70 to +80°F cabin - average
-15 to +175°F Around Fuel Cell
+ 260 to -260°F external surface
+ LOO°F for 5 ninutes, external separation zurf
For external items:
Solar radiation = 440 BTU/FTQ/hr.
Lunar surface +250 to -300°F depending on
Sun's position -
Space = -L460°F
Humidity: . Controlled cabin (05), 40 to 70/0 r.h
Locally in cabin (0,), 0 to 100% r. h.
Ozone: To be determined.
Hazardous Gas:: Same as pre-lgunch packaged.
Electromagnetic
Interference: Same as pre-launch packaged.
Meteoroids: Use distribution for sporadic meteoroids
specified in Table V (for externsl item s)
(paragraph h.2.35)
Sand and Dust: This is to be specified by Grumman
Radiation: See Paragraph L.l.
¢ Equipment temperature due to combined exposure shall be determined for
external items.
*

]
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